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Title of the Invention 
VALVE TIMING CONTROL DEVICE 

CROSS REFERENCE TO RELATED APPLICATIONS 

The present application is based on and claims under 35 U. S. C. 

§ 119 with respect to Japanese Patent Application No. 2002-307562 filed on 
October 22, 2002, the entire contents of which are incorporated herein by 
reference . ' 

Field of the Invention 

The present invention relates to a valve timing control device for 
controlling a timing of a suction valve and an exhaust valve of an internal 
combustion engine. 

Background of the invention 

As a conventional valve timing control device, there is a valve timing 
control device of an internal combustion engine disclosed in a Japanese 
Patent Application published as Japanese laid-open publication No. 
2001-82115. The valve timing control device is provided between a rotator 
to be rotated synchronizing with rotation of an internal combustion engine 
and a cam sheift for driving a suction valve or an exhaust valve, and which 
can change an on-of f timing of a suction valve or an exhaust valve by relatively 
rotating the cam shaft relative to the rotator, which is provided with a 
housing member (rotation transmitting member) which is rotated with the 
rotator, a vane member (rotating member) which is accommodated in this housing 
member and is rotated with the cam shaft, a vane which is provided projecting 
in a radial direction in this vane member, and forms plural working oil 
chambers in a circumferential direction in the housing member, and an oil 
pressure supplying and discharging means which can supply a working oil 
to the working oil chamber and can discharge the oil therefrom, wherein 
an oil chamber side passage communicating with the working oil chamber and 
an one end-opened hole in which this oil chamber side passage is opened 
are formed in the vane member, an axis member in which the oil chamber side 
passage and an oil pressure side passage communicating with the oil pressure 
supplying and discharging means are formed is inserted in this hole, and 
a fluid between the bole and the axis member is sealed tight with a sealing 
m^m^T- aoobnniodated in a sealing groove formed on an outer peripheral side 



1 



of the axis member and an inner peripheral side of the hole 

However, In the aforementl ned prior art. when a friction between 
a side of the sealing member and the sealing groove is greater than a friction 
between the outer peripheral side of the sealing member, and the Inner 
peripheral side of the hole of the vane member « the outer peripheral side 
of the sealing member and the inner peripheral side of the hole of the vane 
member are ^lidably contacted and« when the vane member is soft* the inner 
peripheral side of the hole of the vane memb€>r is excessively worn* the 
sealing effect is remarkably reduced, and a time for performing a relative 
rotating movement between the vane member and the housing member of the 
valve timing control device is delayed. In addition, intermediate 
retalnabillty of retaining at an arbitrary position between a most advanced 
angle position and a most delayed angle position is deteriorated. 

In addition, when a friction between the outer peripheral side of 
the sealing member and the inner peripheral side of the hole of the vane 
member is greater than a friction between a side of the sealing member and 
the sealing groove « the side of the seaJ.lng member and the side sealing 
groove are slidably contacted and, when the axis member is soft, the side 
of the sealing groove of the axis member is excessively worn, the sealing 
effect is remarJcably reduced, and a time for performing a relative rotating 
movement between the vane member and the housing member of the valve timing 
control device is delayed. In addition, intermediate retalnabillty of 
retaining at an arbitral position between a most advanced angle position 
and a most delayed angle position is deteriorated. 

Summary of the Invention 

Then , the present invention has been made in view of the aforementioned 
problems, and a technical object of the present invention is to prevent 
excessive wear of a part which is slidably contacted with a side of a sealing 
member or a part which is slidably contacted with an outer peripheral side 
of a sealing member, maintain the sealing effect, and improve performance 
and reliability of a valve timing control device. 

According to One of the aspect of the invention for solving the 
aforementioned technical object, a valve timing control device lAlch is 
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provided with a rotating member for opening or closing a valve, a rotation 
transmitting member which is relatively rotatably fixed externally to the 
rotating meml>er . a fluid pressure chamber formed b tw en the rotating member 
and the rotation transmitting member « a vane which is provided on any one 
of the rotating member and the rotation transmitting member ajiid compartments 
the fluid pressure chamber into an advanced angle chamber and a delayed 
angle chamber, and a fluid supplying and discharging means for supplying 
a fluid to pr discharging a fluid from the advanced angle chamber and the 
delayed angle chamber, and %micn can relatively rotate the rotating member 
and the rotation transmitting member by supplying the fluid to or discharging 
the fluid from the advamced angle chamber and the delayed angle chamber, 
a first cylindrical part in which a first passage for supplying the fluid 
to or discheucging the fluid from the advanced angle chamber and the delayed 
angle chamber is formed is provided on the rotating member and, at the same 
time, a second cylindrical member in which a second passage communicating 
with the first passage and the fluid supplying and discharging means is 
formed is provided, any one of the first cylindrical part and the second 
cylindrical part is overlaid on the other on an inner side in a radical 
direction and, at the same time, is formed of an aluminium alloy, a sealing 
groove for accommodating a sealing member for seali n g tight between the 
first cylindrical part and the second cylindrical part with an outer peripheral 
side and a side thereof is provided on an outer peripheral side of any one 
of the first cylindrical part and the second cylindrical part , and a friction 
A between the side of the seeO-ing member and the sealing groove is set to 
be greater than a friction B between an outer peripheral side of the sealing 
member and an inner peripheral side of the other of the first cylindrical 
part or the second cylindrical part. 

According to the aspect of the invention, the sealing groove formed 
on an outer peripheral surface of any one of the first cylindrical part 
and the second cylindrical part which is constructed of an aluminium alloy 
and is provided on an inner side in a radial direction and a side of the 
sealing member can be contacted tight , excessive wear of the sealing groove 
can be prevented, and performance and reliability of the valve timing control 
device can be improved. 

According to another aspect of the invention for solving the 
aforementioned technical object, a valve timing control device is provided 
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with a rotating member for opening or closing a valve , a rotation transmitting 
member which is relatively ro t atably fixed externally to the rotating member . 
a fluid pr ssure chamber formed b tw en the rotating member and the rotation 
transmitting member, a vane ^ich is provided on any one of the rotating 
member and the rotation transmitting member and compartra,ents the fluid 
pressure chamber into an advanced angle chamber and a delayed angle chamber, 
and a fluid supplying and discharging means for supplying a fluid to or 
discharging, a fluid from the advanced angle chamber and the delayed angle 
chamber, and which can relatively rotate the rotating member and the rotation 
transmitting member by supplying the fluid to or discharging the fluid from 
the advanced angle chamber and the delayed angle chamber « a first cylindrical 
part in which a first passage for supplying the fluid to or discharging 
the fluid from the advanced angle chamber and the delayed angle chamber 
is formed is provided on the rotating member and, at the same time, a second 
cylindrical member in which a second passage communicating with the first 
passage and the fluid supplying and discharging means is formed is provided, 
any one of the first cylindrical part and the second cylindrical part is 
overlaid on the other on an inner side in a radial direction and, at the 
same time , the other of the first cylindrical part and the second cylindrical 
member is formed of an aluminium alloy, a sealing groove for accommodating 
a sealing member which seals tight between the first cylindrical part and 
the second cylindrical member with an outer peripheral surface and a side 
thereof is provided on an outer peripheral surface of any one of the first 
cylindrical part and the second cylindrical member, and a friction A between 
a side of the sealing member and the sealing groove is set to be smaller 
than a friction B between an outer peripheral surface of the seaUng member 
and an inner peripheral surface of the other of the first cylindrical part 
and the second oylindrice^. meniber. 

According to the aspect of the invention, any of the other of the 
first cylindrical member and the second cylindrical member which is formed 
of an aluminium alloy and is provided on an outer side in a radial direction, 
and an outer peripheral surface of the sealing member can be tightly contacted , 
excessive wear of the other member which is provided on an outer side can 
be prevented, and performance and reliability of the valve timing control 
device can be improved. 
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Bx-le£ Description o£ the Drawings 

These and other features of the Invention will be explained in more detail 
with the attached drawings. In which « 

Flg« 1 is a longitudinal cross -sectional view o£ the valve timing control 
device, which is a first erohodlment of the present invention; 

Fig. 2 Is a cross sectional view taken along the line II- II in Fig. 1, showing 
the most delayed angel state of the valve timing control device of the first 
embodiment p£ the present invention; 

Fig .3 is a view which illustrates outline of a sealing member and a sealing 
groove in the present invention; and 

Fig. 4 is a longitudinal cross-sectional view of the valve timing control 
device, which is a second embodiment of the present invention. 

Description of the Preferred Embodiments 

A first embodiment of the preset invention will be explained below* 

A valve timing control device shown in Fig.l and Fig. 2 comprises 
a rotating member for opening or closing a valve composed of a rotor 20 
integrally attached to a tip of a cam shaft 10 which is rotatably supported 
by a cylinder head (not shown) of an internal combustion engine, a housing 
30 fdiich is relatively rotatably fixed externally to the rotor 20 in a 
predetermined range , a front plate 40 , a rotation transmitting member composed 
of a rear plate 50 and a timing sprocket 51 which is integrally provided 
on an outer periphery of the rear plate 50, four vanes 70 attached to the 
rotor 20 , a locking key 8 0 attached to the housing 30 , and the like - A rotating 
power is transmitted in a clockwise direction in Fig. 2 to the timing sprocket 
51 from a crank axis (not shown) via a crank sprocket and a timing chain. 

Hie housing 30 is relatively rotatably fixed externally to an outer 
periphery of the rotor 20 in a prescribed angle range. A ring-like front 
plate 40 and a cylindrical rear plate 50 with a :}aw are connected to both 
sides of the housing 30, and are integrally connected by four connecting 
bolts 92. A tdLming sprocket 51 is integrally formed on an outer periphery 
of an axial end of a cylindrical part 52 of the rear plate 50. 

Four shoe parts 33 are formed on an inner periphery of the housing 
30 in a circumferential direction « Inner peripheral surfaces of these shoe 
parts 33 ore contacted on an outer peripheral surface of the rotor 20, and 
the housing 30 is rotatably supported by the rotor 20. Thereby, a fluid 
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pressure chamber RO Is formed between the front plate 40 and the rear plate 
50 In an axial direction, between the housing 30 and the rotor 20 in a radial 
direction « and between adjacent shoe parts 33 in a circumferential direction , 
and is compartmented into an advanced angle chamber Rl and a delayed euigle 
chamber R2 by a vane 70. An escaping groove 34 for accommodating a locking 
key 80, and an accommodating groove which is communicated with the escaping 

groove 34 and accommodates a spring 61 forcing a locking key 80 in a radial 

I 

direction a^e formed in any one of shoe parts • 

A relative rotation amount between the rotor 20 and the housing 30 
depends on a circumferential width (angle) of the fluid pressure chamber 
RO . On a most advanced angle side , relative rotation is regulated at a position 
where a vane 7 OA abuts against a circumferential directional one side of 
a shoe part 33 A and. on a most delayed angle side, relative rotation is 
regulated at a position where a vane 7 OB abuts against a circumferential 
directional one side of a shoe part 33B . On a delayed angle side • by insertion 
of a head of the locking key 80 into an accommodating groove 22 of the rotor 
22, relative movement between tbe rotor 20 and the housing 30 is regulated. 

In the rotor 20, on one end side (Fig.l left side), a hollow first 
cylindrical pairt 29 extending in an axial direction is integrally formed 
and, on the other end side, a cylindrical part 29a exhibiting a concave 
shape is integrally formed, a tip of a cam shaft 10 Is engaged on a concave 
part, and is integrally attached to a cam shaft 10 with a single attaching 
bolt 91. In addition, the rotor 20 is provided with four vane grooves 21, 
an accommodating groove 22, four advanced angle passages 23 and four delayed 
angle passages 24 , each extending in a radial direction. A vane 70 is movably 
attached to the vane groove 21 In a radial direction. A vane spring 73 Is 
provided between the vane groove 21 and the vane 70, and a tip of the vane 
70 is contacted with an Inner peripheral side of tbe housing 30 underpressure • 
A liead of a locking key 80 Is fitted into an accommodating groove 22 at 
a prescribed amount, at the state shown In Fig. 2, that is, when relative 
positions of the rotor 20 and the housing 30 are synchronized at a predetermined 
relative pbase (roost delayed angle position) . In the accommodating groove 
22 , a passage 27 conraunioatlng an advanced angle passage 23A and an advanced 
angle chamber Rl when the locking key 80 is accommodated in an escaping 
groove 34 , is formed and oonmunlcated with an outer periphery o£ the rotor 
20. 
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A torsion coll spring 55 is disposed betw en a front plate 40 and 
the rotor 20* One end of the torsion coil spring 55 is engaged on the £ront 
plate 40, and the other end is engaged on the rotor 20 and, at the same 
time, a first cylindrical part 29 is internally inserted into an inner side 
of a winding wire part 55A. Thereby, the first cylindrical pa^ct 29 can guide 
the torsion coil spring 55 and, at the same time, the valve timing control 
device can be miniaturized. This torsion coil spring' 55 is provided in view 
of a delayed angle directional force which usually exerts against the rotor 
20 relative to the housing 30 or the like during operation of an internal 
combustion engine, and forces the rotor 20 toward an advanced angle side 
relative to the housing 30, the front plate 40 and the rear plate 50 , intending 
to improve work responsiveness of the rotor 20 toward an advanced angle 
side • 

In the first cylindrical part 29 , axial part passages 25 ( first passage ) 
and 26 (first passage) communicating with an advanced angle passage 23, 
a delayed angle passage 24 and a fluid supplying and discharging meems 200 
are formed. The axial passage 26 is a hole having a bottom, an opening is 
blocked with a tip of a cam shaft 10 , an axial part passage 26a (first passage) 
which extends in a radial direction and opens on an outer peripheral surface 
of the first cylindrical part 29 is formed on a bottom side, and is opened 
in a ring- like groove 26b* The axial passage 25 is formed between an inner 
peripheral surface of the hollow first cylindrical part 29 and an outer 
peripheral surface of a bolt 91, one end side is blocked with a seat surface 
of a head of a bolt 91 • the other side is blocked by a binding part by engagement 
of the bolt 91 and the cam shaft 10 and, at the same time, an axial part 
passage 25a wiiich extends in a radial direction and is opened on an outer 
peripheral surface of the first cylindrical member 29 is formed between 
the eucial part passage 26a and a head side of the bolt 91. In addition, 
a second cylindrical member 61 is fixed externally to the first cylindrical 
part 29, the second cylindrical member 61 is composed of a bottom peurt 62 
and a cylindrical part 63, a cam shaft 10 side is opened, and integrally 
formed on a cover member 60 covering the valve timing control device. 

In the second cylindrical member 61, a stepped cy^&drical member 
61A exhibiting a hollow stepped cylindrical shape is pressed into an inner 
peripheral part. In the second cylindrical member 61, cover passages 65 
(second passage) and 66 (second passage) which are communicated with axial 
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part passages 25a and 26b, respectively, which are formed on the first 
cylindrical part 29 and are communicated with an oil pressure supplying 
and discharging means 200 are formed. The cover passage 66 is composed of 
a hole having a bottom formed between an inner peripheral surface of a 
cylindrical part 63 and an outer peripheral surface of a second cylindrical 
member 61A and bottom part 62 « an end side of a small diameter 61B and a 
bottom part 62 of a stepped cylindrical member 61A ar^ connected tight and, 
at the same .time, an outer peripheral surface of a large diameter part 61C 
and an inner peripheral surface of a second cylindrical member 61 are connected 
tight - A cover passage 66a formed slant which is opened on an dinner periphery 
of a stepped cylindrically member 61A from this cover passage 66 is disposed 
at a position opposite to an axial passage 26a. The cover passage 65 is 
formed at a bottom part 62 in an axial direction, one end side is sealed 
with a plug member 65a. and the other end side is oi>ened. 

The first cylindrical part 29 is overlaid on an inner side relative 
to a stepped cylindrical member 61A in a radial direction and, at the same 
time, sealing members 67 and 68 for sealing a fluid tight aire provided between 
the first cylindrical part 29 and the stepped cylindrical member 61A. A 
pair of sealing members 67 are provided on a cover member 60 side relative 
to an axial passage 26a formed in the first cylindrical part 29, are 
accommodated in a pair of sealing grooves 27, respectively, which are formed 
on an outer periphery of the first cylindrical part, and are slidablly 
contacted with an inner periphery of the stepped cylindrical member 61A, 
The sealing member 68 is provided on the cam shaft 10 side relative to an 
axial passage 26a formed in the first cylindrical part 29, is accommodated 
in a sealing groove 28 formed on an outer periphery of the first cylindrical 
part 29, and is slidablly contacted with an inner peripheral surface of 
the stepped cylindrical member 61A. Thereby, the interior of the stepped 
cylindrical 61A is compartment ed into an oil chamber 65A in .which the cover 
passage 65 is opened and an oil chamber 66A in which a cover passage 66a 
is opened, with a pair of sealing members 67. 

An intermediate chamber 67a is provided between a pair of sealing 
members 67 , and a communicating pore 68b communicating with the atmospheric 
air is opened in the intermediate chamber 67a. The communicating pore 68b 
is communicated with the atmospheric air via a communicating pore 68c extending 
to the first cylindrical part 29 in an axial direction and a communicating 
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pore 68d extending in a radial direction. Thereby, a pair of sealing members 
57 are pushed against a communicating pore 68d side by oil pressures ot 
oil chambers 65A and 66A« respectively. For this reason, occurrence of an 
impact sound against a sealing groove 27 and wear due to movement of a sealing 
member 67 in an axial direction are suppressed. 

In addition « thef irst cylindrical p2urt 29 is constructed of an aluminum 
alloy, and a friction: A between the side surface of sealing member 67 and 
a side surface of a sealing groove 27 is set to be greater than' a friction: 
B between an outer peripheral surface of a sealing member 67 and an inner 
peripheral surface of a stepped cylindrical member 61A (inner peripheral 
surface of second cylindrical member) . Thereby, a side surface of the sealing 
member 67 and a side surface of the sealing groove are contacted tight, 
and an outer peripheral surface of a sealing member 67 and an inner peripheral 
surface of a stepped cylindrical member 61A are slidably contacted. Thereby, 
excessive wear of a side of the sealing groove 27 can be prevented, and 
performance and reliability of the valve timing control device can be improved • 
A construction of a sealing member 68 and a sealing groove 28 is 
such that a friction: A between a side surface of the sealing member 68 
and a side surface of the sealdUig groove 28 is set to be greater than a 
friction: B between an outer peripheral surface of the sealing member 68 
and an inner peripheral surface of a stepped cylindrical member 61A (inner 
peripheral surface of second cylindrical member) , Thereby, a side of the 
sealing member 68 and a side of the sealing groove 28 are contacted tight, 
and an outer peripheral surface of the sealing member 68 and an inner peripheral 
surface of the stepped cylindrical member 61A are slidably contacted. 
Thereby, excessive wear of a side stirface of the sealing groove 28 can be 
prevented, and performance and reliability of the valve timing control device 
can be improved . That is , the construction is the same as that of the sealing 
member 67 and the sealing groove 27. 

Here, the relationship that a friction: A is set to be greater than 
a frictions B, that is, the relationship of A > B is such that frictions 
A is MiP7i:(Da>a^)(D/4-^D/4-a/2), and a friction: B is MaD'7Cbp/2 letting a 
longitudinal length of a sealing member cross -sect ion to be a, a transverse 
length of a sealing member cross- section to be b, an inner diameter of a 
stepped cylindrical member 6 lA to be D , an outer diameter of a first cylindrical 
part 29 to be d, and an oil pressure acting on a sealing member 27 to be 
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P as shown In Fig. 3. By the way. since a frictlonal coefficient Mi of a 
side of a sealing member 67 and a frictlonal coefficient Ma of an outer 
peripheral side surface of a sealing member 67 are Mi Mi . the relationship 
can be attained by setting a and b so that b is smaller than 
2(Da-a^)(D/4+d/4-a/2)/D2, 

An advanced angle passage 65b and a delayed angle passage 66b which 
communicate cover passages 65 and 66 with a transfer valve 210 . respectively, 
are provided on a cover member 60 . The advanced angle passage 65b is connected 
to a first connecting port 211 of a transfer valve 200. and the delayed 
angle passage 66b is connected to a second connecting port 212 of a transfer 
valve 210 . The transfer valve 210 is well known and moves a spool 214 against 
a spring (not shown) by passing electricity through its solenoid 213. At 
non-electricity passage, a supplying port 216 connected to an oil pump 215 
driven by an internal conibustlon engdLne is communicated with a second port 
212 and. at the same time, a first port 211 is communicated with a discharging 
port 217. In addition, at electricity passage, a supplying port 216 is 
communicated with a first port 211 and, at the same time, a second connecting 
port 212 is communicated with a discharging port 217 as shown in Fig. 1. 
imereby. when electricity is not passed through a transfer veave 210. a 
worlcing oil (oil pressure) is supplied to a delayed angle passage 66b and. 
when electricity is passed thacough the valve, a working oil (oil pressure) 
is supplied to an advanced angle passage 65b. The transfer valve and the 
oil pump 215 constitute a fluid supplying and discharging means 200. 

Then, the action of the valve timing control device of the present 
first embodiment will be eacplained. 

In the valve timing control device of the present embodiment, in 
the state shown in Fig. 2 . that is , in the locked state where relative rotation 
between a rotor 20 and a housing 30 Is regulated at a most delayed angle 
position by fitting a head of a locking key 80 into an accommodating groove 
22 of the rotor 20 at a predetermined amount . a duty ratio of passing electricity 
through a solenoid 213 of a transfer valve 210 is made large and. when a 
position of a spool 214 is switched, a working oil (oil pressure) supplied 
from an oil pump 215 is supplied to an advanced angle chamber Rl through 
a supplying port 216, a connecting port 211. an advanced angle passage 65b, 
a cover passage 65, an axial passage 25a. an axial passage 25 and a passage 
23. In addition, the oil is also supplied to an accommodating groove 22 
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from a passage 23A. On -the other hand, a working oil (oil pressure) which 
Is present in a delayed angle oil chamber R2 Is discharged through a discharging 
port 217 of a transfer valve 210 via a passage 24 « an axial part passage 
26, an axial part passage 26a, a ring-like groove 26b« a cover passage 66a« 
a cover passage 66. a delayed angle passage 66b and a connecting port 212. 
Thereupon, a locking key 60 is moved against a spring 81 by a working oil 
(oil pressure) supplied to an accommodating groove 22, a head thereof Is 
dislocated ^rom an accommodating groove 22, the locking between a rotor 
20 and a housing 30 Is released and, at the same time, the rotor 20 which 
integrally rotates with a cam shaft 10, and each vain 70 are relatively 
rotated on an advanced angle side in a clockwise direction R relative to 
the housing 30 and plates 40 and 50. This relative rotation can reach the 
most advanced angle state (not shown) from the most delayed angle state 
In Fig. 2. 

In the state where the locking key 80 Is dislocated from the 
accommodating groove 22 « when a duty ratio of passing electricity through 
a transfer valve 200 is growing smaller, a working oil can be supplied to 
each delayed angle chamber R2 and, at the same time, a working oil can be 
discharged from each advanced angle chamber Rl. Therefore, the rotor 20 
and each vain 70 can be relatively rotated on a delayed angle side 
(counterclockwise direction) relative to both plates 40 and 50 not stepwlsely 
from a position of the most advanced angle state to a position of a most 
delayed angle state In Fig. 2. 

A second embodiment of the present Invention will be explained below 
based on Fig. 4. 

Since a second embodiment Is dlf f er^t only In that a second cylindrical 
member 261 Is generally columnar, a first cylindrical part 229 Is generally 
cylindrical, a first cylindrical part 229 Is Inserted externally Into a 
second cylindrical member 261, and a torsion spring is re^aoved, the same 
numerical symbol is given to the same construction as that of the first 
embodiment, and explanation will be omitted. 

In an inner rotor 220, a first cylindrical part 229 having a concave 
part opening on a second cylindrical member 261 side Is formed. A second 
cylindrical member 261 Is Internally Inserted Into a concave part. In a 
second cylindrical member 261, cover passages 265 (second passage) and*266 
(second passage) communicating with an advanced angle passage 23, a delayed 
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angle passage 24 and a fluid supplying and dlscbar-glng means 200 are formed. 
A cover passage 266 Is a hole having a bottom, an op ning on a cam shaft 
10 side Is blocked with a sealing member 266c « and a cover passage 266a 
(second passage) which extends In a radial direction and opens In a ring-like 
groove 266b (second passage) formed on an outer peripheral surface of a 
second cylindrical member 261 Is f ozmed at a position opposite to a delayed 
passage 24. A cover passage 265 Is a hole having a bottom, and an end part 
on a cam sha^t 10 side Is opened. In addition, a second cylindrical member 
261 Is composed of a bottom part 262 and a columnar 263, and Is integrally 
formed on a cover member 260 covering the valve timing control device. 

The second cylindrical member 261 Is overlaid on an Inner side relative 
to the first cylindrical part 229 In a radial direction and, at the same 
time, sealing members 67 and 6d for secULlng a fluid tight are provided between 
the second cylindrical member 261 and the first cylindrical part 229. A 
pair of sealing members 67 are disposed on a cam shaft 10 side of the second 
cylindrical member 261 relative to a cover passage 266a formed in the second 
cylindrical member 261 , are accommodated In a pair sealing grooves 227 formed 
on an outer periphery of the second cylindrical member 261, respectively, 
and are slldably contacted with an Inner peripheral surface of the first 
cylindrical part 229. A sealing member 68 is disposed on a cover part 260 
side of the second cylindrical member 261 relative to a cover passage 266a 
formed in the second cylindrical 261, is accommodated in a sealing groove 

226 formed on an outer periphery of the second cylindrical member 261, and 
Is slldably contacted with an Inner peripheral surface of the first cylindrical 
part 229 . Thereby, the interior of a concave part of the first cylindrical 
part 229 is compartmented into an oil chamber 26 5 A in which a cover passage 
265 is opened and an oil chamber 266A in which a cover passage 266a is opened, 
with a pair of sealing members 67. 

An Intermediate chamber 267a Is provided between a pair of sealing 
members 67, and a communicating hole 26Bb is provided slant which is 
communicated with the atmospheric air is opened in the intermediate chamber 
267a. Thereby, apairof sealing members 67 are pushed against a communicating 
hole 268b side by oil pressures of oil chambers 265A and 266A, respectively. 
For this reason, occurrence of an impact sound between a sealing groove 

227 and wear due to movement of a sealing member 67 in an axial direction 
are suppressed. 
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In addition, the second cylindrical member 261 Is constructed o£ 
an aluminium alloy, and a friction: A between a side o£ the sealing m mber 
67 and a side of a sealing groove 227 Is set to be grater than a friction: 
B between an outer peripheral surface of the sealing member 67 and an Inner 
peripheral surface of the first cylindrical part 229, thereby, a side of 
the sealing member 67 and a side of the sealing groove 227 are contacted 
tight, and an outer peripheral surface of the sealing member 67 and an Inner 
peripheral surface of the first cylindrical part 229 are slldably contacted. 
For this reason, excessive wear of a side surface of the sealing groove 
227 can be prevented, and performance and reliability of the valve timing 
control device can be improved. 

A construction of a sealing member 68 and a sealing groove 226 is 
such that a friction: A between a side surface of the sealing member 68 
and a side surface of the sealing groove 228 is set to be greater than a 
friction: B between an outer peripheral surface of the sealing member 68 
and an inner peripheral surface of the second cylindrical member 261 . Thereby, 
a side of the sealing member 68 and a side surface of the sealing groove 
28 are contacted tight , and an outer peripheral surface of the sealing member 
68 and an Inner peripheral surface of the second cylindrical member 261 
are slldably contacted. For this reason, excessive wear of a side surface 
of the sealing groove 228 can be prevented, and performance and reliability 
of the valve timing control device can be Improved • That is , the construction 
Is the seune as that of the sealing member 67 and the sealing groove 227. 

Here, the relationship that a friction: A is set to be grater thein 
a friction : B, that is, the relationship of A > B is such that a friction: 
A Is tfi P7C(Da-a^)(d/4+d/4-a/2) and a friction: B Is Uz^^Tt\>v/2 letting a 
longitudinal length of a sealing member cross- section to be a, a tremsverse 
length of a sealing member cross -section to be b, an inner diameter of a 
second cylindrical member 26 1 to be D , an outer diameter of a first cylindrical 
part 29 to be d, and an oil pressure acting on a sealing member 27 to be 
P. By the way, since a frlctlonal coefficient iUi of a side surface of a 
sealing member 67 and a frlctlonal coefficient M 2 of an outer side surface 
of the sealing member 67 are Mi ^U^^ the relationship can be attained by 
setting a and b so that b is smaller than 2(Da-a') (D/4-i-D/4-a/2)/02. 

A third embodiment of the present invention will be explained below. 
In the third embodiment, as con^iared with the first embodiment, a 
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stepped cylindrical member 61A Is constructed f an aluminium alloy « and 
a friction: A between a side surface o£ a sealing member 67 and a side surface 
of a sealing groove 27 Is set to be smaller than a friction i B between an 
outer peripheral surface of the sealing member 67 and an Inner peripheral 
surface of the stepped cylindrical member 61A. Thereby, an outer peripheral 
surface of the sealing member 67 and an Inner peripheral surface of the 
stepped cylindrical member 61A are contacted tight, and a side surface of 
the sealing inember 67 and a side surface of the sealing groove 27 are slldably 
contacted. For this reason « excessive wear of an Inner peripheral surface 
of the stepped cylindrical member 61A can be prevented, and performance 
and reliability of the valve timing control device can be Improved* 

Here, the relationship that a friction t A Is set to be smaller than 
a friction: B, that Is, the relationship of A < B Is such that a friction: 
A Is MiP7C(Da-a')(D/4-i-d/4-a/2) and a frlctlont B Is tfaD^ 7rbP/2 letting a 
longitudinal length of a sealing member cross -section to be a, a transverse 
length of a sealing member cross- section to be b, an Ixmer diameter of second 
cylindrical member 61A to be D, an outer diameter of a first cylindrical 
part 29 to be d, and an oil pressure acting on a sealing member 27 to be 
P as shown In Fig. 3. By the way, since a frlctlonal coefficient Mi of a 
side surface of a sealing member 67 and a frlctlonal coefficient of an 
outer peripheral surface of the seallngmember 67 are Hi^ti^, the relationship 
can be attained by setting a. and b so that b Is greater than 
2(Da-a')(D/4+d/4-a/2)/D2. 

A fourth embodiment of the present Invention will be explained below. 

The fourth embodiment Is different from the second embodiment In 
that a first cylindrical part 229 Is constructed of an aluminium alloy, 
<uid a frlctlont A between a side surface of a sealing member 67 and a side 
surface of a sealing groove 227 Is set to be smaller than a friction: B 
between an outer peripheral surface of the sealing member 67 and an Inner 
peripheral surface of the first cylindrical part 229 , that is , the relationship 
between a friction: A and a friction: B Is A < B. 

By A<B, an outer peripheral surface of the sealing member 67 and 
an inner peripheral surface of the first cylindrical part 229 are contacted 
tight, and a side surface of sealing member 67 and a side surface of the 
sealing groove 227 are slldably contacted. For this reason, excessive wear 
of an Inner peripheral surface of the first cylindrical part 229 can be 



14 



prevented, ana performance and reliability of the valve timing control device 
can be Improved. 

Here, the relationship that a friction: A Is set to be smaller than 
a friction: B. that is. the relationship of A <B is such that a friction x 
A is ^iiP7r{Da-a*)(D/4+d/4-a/2) and a friction: B is M2D*7CbP/2 letting a 
longitudinal length of a sealing member cross -section to be a. a transverse 
length of a sealing member cross -section to be b, ah outer diameter of a 
second cylindrical member 261 to be d. an Inner diameter of a first cylindrical 
part 229 to be and an oil pressure acting on a sealing member 27 to be 
P. By the way, since a frictlonal coefficient Mi of the side surface of 
the sealing member 67 and a frictlonal coefficient a of an outer peripheral 
surface of the sealing member 67 are Mi ^ M 2* the relationship can be attained 
by setting a and b so that b' la greater than 2(Da-a^) (D/4+D/4-A/2)/D2. 
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